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ABSTRACT
In order to monitor the distribution of subtypes of Campylobacter and to identify clusters, 975 isolates of
Campylobacter spp., obtained from human infections occurring in two Danish counties, were studied
during a 1-year period. The isolates were characterised by Penner serotyping and automated ribotyping.
Pulsed-ﬁeld gel electrophoresis (PFGE) proﬁling was used to conﬁrm clustering of identical serotypes
and ribotypes. The 975 isolates were divided into 48 serotypes, 210 ribotypes and 277 serotype–ribotype
combinations. The overall distribution of serotypes and ribotypes was similar between the two counties.
After taking into account the rare or common occurrence of subtypes, a model identiﬁed 43 clusters of
subtypes during the study period. Clustered isolates represented 28% (273 ⁄ 975) of the study population,
with clusters containing between three and 20 isolates. PFGE conﬁrmed the validity of selected clusters
identiﬁed by serotyping and ribotyping. The observed clustering of Campylobacter isolates, with identical
types in time and place, indicates that common-source outbreaks of campylobacteriosis are more
common than is usually thought.
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INTRODUCTION
Human Campylobacter infections have increased
during the past decade in most countries, so that
Campylobacter is now the most common cause of
bacterial gastroenteritis in the developed world
[1]. In Denmark, the number of human Campylo-
bacter infections rose from 1129 in 1992 to 3733 in
2004 (70 ⁄ 100 000 population) [2]. In contrast, the
number of Salmonella infections has decreased in
many countries because of effective and precise
control strategies based on knowledge of the
distribution of these organisms in different hosts
and the sources of human salmonellosis [3].
The successful control of Salmonella infections
has stimulated researchers to evaluate typing
methods for characterisation of Campylobacter
strains, with respect to the discriminatory power,
typeability, stability and reproducibility of the
different methods, in an attempt to associate
certain subtypes with particular sources [4–6].
Several studies have shown that the genome of
Campylobacter exhibits a large degree of plasticity,
and genetic rearrangements are common events
in some strains [7–9]. These ﬁndings make it
difﬁcult to associate sporadic human infections
with their sources. In contrast, in-vivo and in-
vitro passage of Campylobacter strains has shown
that some strains are highly stable, with no
detectable genomic changes when monitored by
serotyping, pulsed-ﬁeld gel electrophoresis
(PFGE) proﬁling and RiboPrinting [10]. The use
of stable typing methods is imperative for long-
term studies of bacterial epidemiology, as mul-
tiple changes in the target DNA will obscure the
epidemiological relationships over time [11]. In
many studies, the method of choice has been
serotyping, which has a long history of use in
epidemiological studies of Campylobacter.
Serotyping alone does not exhibit a high
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discriminatory power, but this may be improved
by combining serotyping with a DNA-based
method that targets conserved areas in the
genome of Campylobacter, e.g., the ribosomal
operons [12,13].
Most Campylobacter infections are thought to be
foodborne, with poultry being the principal
source [1]. Studies from Iceland and Belgium
have convincingly associated Campylobacter infec-
tions with consumption of chicken [14,15], and
these ﬁndings are supported by almost all case-
control studies [16]. In industrialised countries,
most Campylobacter infections are believed to be
sporadic. Only a small subset of infected patients
is thought to be associated with outbreaks, e.g.,
those caused by contaminated water, raw milk or
poultry [17–25]. It has been shown in some
instances that cases assumed initially to be spor-
adic are linked epidemiologically and are actually
part of an outbreak [22]. These observations
emphasise the need for a more detailed under-
standing of the epidemiology of human Campylo-
bacter infections in order to design and implement
effective intervention and control strategies.
In the present study, a prospective intensiﬁed
surveillance of Campylobacter infections was con-
ducted in two well-deﬁned geographical areas in
Denmark in order to compare Campylobacter
isolates over time and to detect clusters of
identical subtypes. This evaluation was based on
timely serotyping, DNA proﬁling (RiboPrinting),
and conﬁrmation of selected clusters by PFGE
proﬁling.
MATERIALS AND METHODS
Study period
The period of intensiﬁed surveillance (1.1 million person-
years) extended from 1 May 2001 until 10 June 2002, and
included isolates obtained from all patients with Campylo-
bacter-positive gastroenteritis in two Danish counties, Copen-
hagen and Funen. Because of inconsistencies in the case
enrolment from Funen County during May and June 2002,
cases from this county were excluded after 30 April 2002.
Study design
Faecal samples from patients with diarrhoea in Copenhagen
County were examined at Herlev University Hospital, Herlev,
Denmark, and from patients in Funen County at the Statens
Serum Institut, Copenhagen, Denmark. Faecal specimens were
cultured for a range of bacterial pathogens as part of the
routine analysis of stool samples. For detection of Campylobac-
ter, specimens were cultured on Modiﬁed Charcoal Cefoper-
azone Desoxycholate Agar for 48 h, as described previously
[26]. If multiple enteric pathogens were detected, the case was
excluded from the present study. A culture from a single
colony growing on the primary culture plate of each patient
was sent to the Centre of Molecular Epidemiology (Statens
Serum Institut) within 3 days. The isolates were prepared
immediately for genotyping and were then forwarded to the
Danish Institute for Food and Veterinary Research for speci-
ation and serotyping. The aim was to obtain results for
speciation, serotyping and ribotyping within 7 days of the
initial receipt of faecal samples.
All data were entered into a database. In order to link data
from the different laboratories, unique patient and strain
numbers were used.
Speciation
Isolates were identiﬁed to the species level by the use of
simple biochemical tests, i.e., catalase, indoxyl actetate and
hippurate hydrolysis. To conﬁrm identiﬁcation of species
other than Campylobacter coli or Campylobacter jejuni, further
tests of sensitivity to nalidixic acid and cephalothin were
performed, as well as a species-speciﬁc real-time PCR assay
that differentiated C. jejuni, C. coli, Campylobacter upsaliensis
and Campylobacter lari [27]. Hippurate-negative isolates with
typical C. jejuni serotypes were also tested in the PCR assay
and, when positive in this assay, were assigned to C. jejuni.
Typing methods
Serotyping of heat-stable antigens was performed according to
the classical Penner scheme [28], based on haemagglutination
with the full set of 47 C. jejuni antisera and 19 C. coli antisera.
Procedures, antisera production and interpretation of results
were performed as described previously [29].
Ribotyping was performed using the automated RiboPrinter
system (Qualicon, Wilmington, DE, USA) with HaeIII restric-
tion enzyme, essentially as described previously [12,30], but
with the following modiﬁcations. Bacterial culture (1 lL) was
added to 100 lL of sample buffer. Lysozyme (10 lL of a
10 mg ⁄mL solution) was added and the solution was incuba-
ted at 37C for 10 min. From this solution, 30 lL was
transferred to a sample carrier for heat treatment. The
RiboPrinter was run following the ‘substitute enzyme batch
(SEC) protocol’ at 37C for 2 h, as recommended by the
manufacturer. Isolates were deﬁned as non-typeable (NT) if no
ribotype was obtained after three attempts. Three isolates
remained untypeable after ten attempts.
Rapid SmaI PFGE proﬁling was performed with isolates
from selected clusters as described previously [31].
DNA proﬁle analysis
Ribotypes and PFGE proﬁles were analysed using Bio-
Numerics software v.3.0 (Applied Maths, Sint-Martens-Latem,
Belgium). Ribotypes were normalised on the RiboPrinter,
transferred to the BioNumerics databases automatically, and
then compared using the Pearson coefﬁcient of similarity. TIFF
ﬁles containing PFGE proﬁles were imported and analysed in
BioNumerics using the Dice coefﬁcient of similarity. DNA
proﬁles were clustered by the UPGMA (unweighted pair-group
method using arithmetic averages) method. Consecutive
numbers were used to denote unique DNA proﬁles.
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Deﬁnitions
A subtype was deﬁned as a combination of a serotype and a
ribotype. A cluster was deﬁned as isolates with an identical
subtype (three or more isolates for rare subtype clusters, or ﬁve
or more isolates for frequent subtype clusters) that were
obtained from patients within a 14-day period. A subtype
represented by seven or fewer events (either a single case or a
cluster of cases) was deﬁned arbitrarily as a rare subtype,
whereas a subtype represented by eight or more events (either
a single case or a cluster of cases) was deﬁned as a frequent
subtype. Clusters were designated B01–B34, followed by
consecutive numbering if the same subtype clustered more
than once.
RESULTS
Incidence of Campylobacter spp.
In total, 975 Campylobacter isolates (incidence
87 ⁄ 100 000 population) were obtained from pa-
tients during the study period. Of these, 329 were
obtained from Funen County and 646 from
Copenhagen County (Table 1). Most (58%) infec-
tions occurred between May and September. The
samples were received at the diagnostic clinical
laboratories within 1–2 days of sampling, and at
the Centre for Molecular Typing after a further
2–3 days. The median times from receiving a
sample at the clinical laboratories until a serotype
or a ribotype was available were 14 days and
12 days, respectively.
Speciation
Of the 975 isolates of Campylobacter spp., 926
(95.0%) isolates were identiﬁed as C. jejuni, 42
(4.3%) as C. coli, and one (0.1%) as C. lari
(Table 1). Six of the 975 isolates were neither
speciated nor serotyped because of loss of
viability.
Typing
Serotyping. Serotyping divided the 926 C. jejuni
isolates into 38 serotypes. The three dominant
serotypes were serotype 2 (30% of isolates),
serotype 4 complex (21%) and serotype 1,44
(10%). Serotype 2 isolates showed an increased
frequency during June, serotype 4 complex in
September, and serotype 1,44 in October. Sixteen
(1.7%) C. jejuni isolates were NT by serotyping;
thus, the typeability index was 0.98.
The 42 C. coli isolates were divided into 14
serotypes, of which tenwere unique to this species.
The dominant C. coli serotypes were serotypes 24,
30, 34, 46 and 54, encompassing four or ﬁve isolates
each. Six (14%) C. coli isolates were NT by sero-
typing; thus, the typeability index was 0.86.
Ribotyping. Ribotyping divided the 926 C. jejuni
isolates into 184 types. Six major ribotypes were
found: C-6 (44 isolates); C-4 (43); C-7 (41); C-27
(37); C-13 (35); and C-28 (34). These accounted for
234 (25%) of the C. jejuni isolates. Twelve (1.3%)
C. jejuni isolates were NT by ribotyping; thus, the
typeability index was 0.99.
The 42 C. coli isolates were divided into 27
different ribotypes, of which 23 were unique to
this species. One major type (C-21) accounted for
nine (21%) of the 42 isolates. Two C. coli isolates
(4.8%) were NT by RiboPrinting; thus, the type-
ability index was 0.95.
The single C. lari isolate was assigned a unique
type by ribotyping.
Of 49 C. jejuni ribotypes accounting for more
than three isolates, ribotypes C-1, C-5, C-10, C-24
and C-84 were found predominantly (>80%) in
Copenhagen County.
Serotype–ribotype combinations. Overall, 277 sub-
types were identiﬁed, containing between one
and 44 isolates (Table 2). The majority of subtypes
included <20 isolates. Two subtypes contained
>40 isolates.
The C. jejuni isolates were divided into 249
subtypes, with a typeability index of 0.97. The 42
C. coli isolates were divided into 28 subtypes,
with a typeability index of 0.83. Simpson’s index
Table 1. Distribution of Campylobacter spp. and types
according to geographical location
County Species
Number
of serotypes
Number of
ribotypes
Number
of subtypes
Funen
(329 isolates)
C. jejuni
(313 isolates)
27 (4 NT) 94 (7 NT) 117 (10 NT)
C. coli
(13 isolates)
6 (4 NT) 9 (2 NT) 8 (5 NT)
NDa
(3 isolates)
– (3 ND) 3 – (3 NT)
Copenhagen
(646 isolates)
C. jejuni
(613 isolates)
32 (12 NT) 154 (5 NT) 199 (17 NT)
C. coli
(29 isolates)
12 (2 NT) 20 (0 NT) 21 (2 NT)
C. lari
(1 isolate)
– 1 –
NDa
(3 isolates)
– (3 ND) 2 – (3 NT)
Total no. types
(975 isolates)
48 210 277
aND, not determined. Six isolates were not speciated and serotyped because of
logistical problems. Of these, three had a C. jejuni ribotype. The remaining three
isolates were assigned unique ribotypes.
NT, not typeable.
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of diversity [32] was 0.85 for serotyping, 0.98 for
RiboPrinting, and 0.98 for the combination with
C. jejuni. This compared with 0.94 for serotyping,
0.95 for RiboPrinting, and 0.99 for the combina-
tion with C. coli.
Ribotyping and serotyping complemented each
other, as 49 (23%) ribotypes were further subdi-
vided by serotyping, and 33 (69%) serotypes were
further subdivided by ribotyping. As an example,
the dominant serotype 2 was divided into 37
ribotypes, the serotype 4 complex into 44 ribo-
types, and serotype 1,44 into 25 ribotypes. The
most frequently represented ribotypes in these
serotypes showed a cluster-like appearance over
time, e.g., dominance of C-2 in July and August,
C-4 in June and January, C-6 in May and June, C-
59 in September and October, and C-64 in May.
Serotype 5 was associated mainly with infections
in Copenhagen County, and further subtyping of
serotype 5 by ribotyping divided this serotype
into nine subtypes. Three of these (C-36, C-75 and
C-84) were represented by at least four isolates
and clustered within a narrow time-frame during
July and August.
Clusters
With use of the deﬁned cluster criteria, 43 clusters
of isolates were identiﬁed during the study
period, all comprising C. jejuni. Most (n = 40)
clusters were identiﬁed during the May–Novem-
ber period, and only three clusters were identiﬁed
during December–April (Fig. 1). Twelve clusters
were found exclusively in Copenhagen County
and three exclusively in Funen County.
The 43 clusters were found among 33 subtypes
represented by between three and 44 isolates
each, with ten of the subtypes that were involved
in two clusters (doublet clusters) being separated
by >14 days (Table 2). Nine of these subtypes
were regarded as frequent and 24 as rare. Most
(81%) clusters were small (three to eight isolates),
although clusters containing up to 20 isolates
were detected. Overall, 273 (28%) of the 975
Campylobacter isolates formed part of clusters. An
additional 201 (21%) isolates were assigned to
these subtypes, although they did not form part of
clusters.
Evaluation of clusters with PFGE
Eleven of the clusters, comprising between three
and 17 isolates, were evaluated by PFGE in order
to conﬁrm the cluster association. Cluster associ-
ation was conﬁrmed for 76% (n = 62) of these
isolates by the generation of identical PFGE
proﬁles for isolates within a cluster. In addition,
isolates belonging to the same subtypes, but that
did not fulﬁl the cluster criteria and were there-
fore not included in a cluster, were also typed by
PFGE; only 19.2% (n = 52) of these isolates had
PFGE proﬁles that were identical to those of
clustered isolates. Eight of the 11 clusters repre-
sented doublet clusters of the same subtype; for
six of these (B01_1 ⁄ _2; B20_1 ⁄ _2 and B26_1 ⁄ _2),
the two parts were assigned to different PFGE
types (Fig. 2). PFGE typing of two non-clustering
subtypes (n = 16 and n = 32, respectively)
showed remarkable stability in the genome, as
determined by PFGE typing, as six groups (90%
of isolates) of identical PFGE proﬁles existed,
despite a considerable period between the dates
of isolation.
DISCUSSION
Campylobacter is the most frequent cause of hu-
man gastrointestinal infections in Denmark, as in
many other countries worldwide [1]. Large out-
breaks caused by Campylobacter are rare, and most
cases are believed to be of a sporadic nature. At
the Statens Serum Institut, an algorithm is run on
a weekly basis to detect outbreaks of infectious
gastroenteritis (http://www.germ.dk). During
previous years, the outbreak threshold for Cam-
pylobacter has been passed several times, but
investigations have not revealed any source for
these possible outbreaks. Studies from Denmark
and the UK have shown that concurrent illness in
Table 2. Summary and characteristics of subtypes (sero-
type–ribotype combinations) of Campylobacter spp.
No. of isolates
per subtype
No. of
subtypesa
Total no. of
isolatesb
Total no. of
clustersc
Total no. of isolates of
‘cluster type’
>40 2 (2) 86 (42) 3 86
30–39 4 (3) 133 (60) 4 101
20–29 3 (2) 77 (25) 4 54
10–19 15 (10) 196 (81) 14 130
3–9 38 (16) 194 (65) 18 103
1–2 215 (0) 248 (0) – –
NT – 41 (0) – –
Total 277 (33) 975 (273) 43 474 (49%)
aOf the 277 different subtypes identiﬁed, 33 (shown in parentheses) were included
in clusters.
bOf the 975 isolates in this study, 273 (shown in parentheses) were included in
clusters.
cSubtype can appear in more than one cluster.
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the home or community is likely to occur more
frequently than expected [33,34], and 3.2% of
cases of Campylobacter infection were found to be
household-associated [33]. The present study was
undertaken to shed further light on this observa-
tion by studying the epidemiology of human
Campylobacter infections in two well-deﬁned geo-
graphical areas, the counties of Funen and Copen-
hagen in Denmark. Funen is a largely rural
county, with farming areas and one large city,
Odense. Copenhagen County surrounds the cap-
ital and its suburbs, and contains limited agricul-
ture and countryside. These differences may have
an impact on the epidemiology of Campylobacter
infections.
A detailed understanding of the epidemiology
of human Campylobacter infections may facilitate
their control by improving identiﬁcation of
sources and routes of transmission. In ongoing
outbreaks, rapid action is needed in order to
control and prevent further spread by ﬁnding the
source. This should be undertaken by a well-
structured surveillance system, including the use
of a typing method that fulﬁls the requirements of
speed, ease of use, low cost, minimal hands-on
time, and good discriminatory power. However, a
typing method fulﬁlling all these requirements
has yet to be developed for Campylobacter. Hence,
the application of multiple typing methods is
currently the best approach [35].
In the present study, Penner serotyping, tradi-
tionally used for typing of Campylobacter, and
automated ribotyping were chosen as typing
methods. Both methods are fairly rapid, being
completed within a single day when starting from
a fresh plate culture. In principle, it should
therefore be possible to obtain typing results
within 1 week of receiving a culture in the
laboratory. However, initial logistical problems
and RiboPrinting difﬁculties delayed the surveil-
lance system during the ﬁrst 2 months of the
study, despite the fact that RiboPrinting of Cam-
pylobacter with HaeIII is well-established and has
been used successfully in previous studies
[10,12,36,37]. The use of HaeIII is hampered by
an activity of <10% in the buffer system included
in the RiboPrinter system. After the ﬁrst month of
the project, an extra lysis step was included in the
RiboPrinting protocol to solve the problem of
adequate digestion with the HaeIII enzyme, prob-
ably by making more DNA available.
In the two counties studied, the majority of
human infections were caused by C. jejuni, and
only a minor proportion was caused by C. coli.
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This agrees with national data for Denmark in
2003, which showed that 93.5% of human ther-
mophilic Campylobacter infections were caused by
C. jejuni and 6.5% by C. coli [2], and with data
from other countries (e.g., 92% of infections in the
UK were caused by C. jejuni and 8% by C. coli
[38]). In Denmark, C. coli is isolated predomin-
antly from pigs, but also from chickens. The
commonest serotypes of C. coli among patients in
this study are also common in Danish pigs and
broiler chickens at slaughter [2,39–41], as well as
in other Danish food products [42]. Serotype 2,
serotype 4 complex and serotype 1,44 were the
serotypes identiﬁed most frequently in the pre-
sent study, which agrees with results for recent
years in Denmark [2,39–41]. Not surprisingly, the
frequency of these serotypes shows a pattern very
similar to the overall pattern of the incidence of
Campylobacter.
Further subdivision of serotyped isolates by
ribotyping revealed further clustered isolates with
identical subtypes, predominantly during sum-
mer. An ad hoc deﬁnition of clusters was expand-
ed, taking into consideration whether a subtype
was frequent or rare during the study period. The
resulting 43 clusters were conﬁrmed by visual
inspection of grouping over time, and 11 of these
clusters were also supported convincingly by
further PFGE subtyping.
Overall, the same ﬂuctuations in the incidence
of infections were observed in the two counties.
Interestingly, a limited number of serotypes clus-
tered in one or the other county during a limited
period; for example, serotype 5 was isolated
mainly from the Copenhagen area. Further sub-
division of this serotype with ribotyping showed
the existence of three clusters, each containing
four or ﬁve isolates each. This serotype was
isolated most frequently at the beginning of July
and in mid-August, with the latter period includ-
ing two clusters of different ribotypes. Source
tracing of serotype 5 isolates without further
subtyping might have been obscured if these two
ribotypes arose from different sources.
Clusters conﬁned to a single county were
deﬁned, in most cases, as ‘rare’, as shown by the
limited appearance of a given subtype, concentrat-
ed in a limited period. Such data support the
existence of an epidemiological link between iso-
lates and small outbreaks, which can easily remain
undetected if isolates are not characterised further.
However, there were exceptions, as a subtype
regarded as ‘common’was found in Funen County
during August, with six women being infected
within a 6-day period. In October of the same year,
the same subtype emerged inCopenhagenCounty,
where ﬁve individuals, both men and women,
were infected within a 3-day period.
TheCampylobacter strain isolated from thewater-
borne outbreak in Denmark during 1995–1996 [33],
i.e., serotype 2, ribotype C-28, was also recognised
in the present study (33 isolates). Two of these
isolates had a PFGE proﬁle identical to that of the
strain responsible for the outbreak 6 years earlier.
The remaining isolates showed a high degree of
similarity by PFGE proﬁling (close to 80%). This
suggests a higher degree of genomic stability than
was assumed previously, which might reﬂect the
choice of typingmethod based on conserved genes,
or a limited genomic plasticity in most Campylo-
bacter strains in this study. Further support for the
stability of Campylobacter types was provided by
the fact that PFGE typing of isolates belonging to
non-clustered subtypes showed that most of these
isolates were grouped by identical PFGE proﬁles,
despite the absence of any temporal link.
The systematic sampling and subtyping
scheme used in the present study enabled iden-
tiﬁcation of clusters that would otherwise have
been missed by public health surveillance. These
small clusters, possibly representing general out-
breaks, are difﬁcult to detect unless surveillance is
intensiﬁed to encompass all isolates from a
particular area. Outbreak investigations are
important for source tracing [33] and, as shown
in this study, intensiﬁed surveillance is essential
to identify and delineate such outbreaks. This
observation corroborates the hypothesis that com-
mon-source Campylobacter outbreaks may be more
common than hitherto thought.
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